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ZERO-ANGU-OF-AFIXCK PERFORMANCE OF  TWD-DIMENSIONAL 

INLEZS NEAR MACHNUM5EB 3 

By R i c h a s d  R .  WoolLett and James- F. Coanors 

An extensive program was undertaken t o  investigate  the  effect of 
several geometric variables on the performance of two-dimensional w e t s .  
This investigation  includd N e t s  hav- single-wedge, double-wedge, and 
isentropic  con~gression ranq?s-wi%h vaious  side-plate  configurations and 
subsonic  diffusers. The t e s t s  were conducted  over  a  range of Reynolds 
number based on m e t  height from 0.50 t o  2 .67x1O6. Generally,  the  per- 
formance levels of the two-&imaxiond Wets  were sanewha t  below those 
obtained previously with conq?arable axispmetric models. A t  Mach number 
3.05 the optimum total-pressure  recovery w a s  obtained with 821 isentropic 
in le t  which compressed the external f l o w  to a Mach  number of 1.88. Rec- 
tangular side plate6 and a long high-exit-Mach-number subsonic diffuser  
with f i l leted  corners w e r e  used with t h i s  inlet. A c r i t i ca l   t o t a l -  
pressure  recovery of 0.71 was  realized with a corresponding mass-flow 
ra t io  of 0.965. Subcri t ical   s tabi l i ty  t o  a mass-flow ra t io  of 0.60 was 
obtained. 

The following  general  observations were made with regard to the rel- 
ative  effects of the  tes t   var iables  upon M e t  perfonaance: (1) Pressure 
recovery  generally Fncreased Fn the following order for  the  supersonic 
compression surfaces  investigated: s i n g l e  wedge (0.411, 2.10 isentropic 
(0.58), double wedge (0.605), 1.55 isentropic (0.651, and 1.88 isentropic 
(0.71); (2) l y  faired subsonic  diffusers with an average angle of ai- 
vergence of 4 gave an increase in pressure  recovery of approximately 
0.05 over that f o r  the  short  diffuser with an average mgle of divergence 
of loo; (3) although  pressure  recovery and mass flow w e r e  reduced  with 
the  use of short side plates, the range of stable subcritical  operation 
w a s  somewhat extended; and (4) f o r  the range investigated, Reynolds num- 
b e r  generally had little or  no effect upon in l e t  performance. In no case 
did the addition of leading-edge roughness improve performance. 

IXTRODUCTIX>B 

Preliminary investigations have been  conducted by the NllcA to eval- 
uate the performance capabi l i t ies  of two-dimensional inlets at Mach 
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numbers of 3 and above. Such inlets generally ftnd application as wing- 
leading-edge Installations o r  as side Wets with full boundary-layer' - 8  .- 

removal. Previous work at Mach  number 3.85 {ref. 1 daionstrated that 

d i s c m t h u i t i e s  in performRnce  between subcri t ical  and supercr i t ical  op- 
eration with pronounced hysteresis. In order  t o  avoid this diff icul ty ,  
single-passage  configurations-yere used t h r w o u t  the - present . .  lnvesti- 
gat  ion. 

twin-duct  arrangements of these  inlets incur large i perhap6 intolerable) 

" . . . " 

The aim of this study at the NACA Lewis laboratory w a ~  to determine 8 
systematically  the performance characteristics of single-passage two- 
dimensional inlets with ei ther  single-oblique-shock,  double-oblique- 
shock, or  isentropic compression surfaces. (The single-oblique-shock 
and double-oblique-shock inlets are hereinafter referred t o  88 single- 
wedge and  double-wedge inlets,  respectively. ) The effects on W e t  per- 
formance  of Reynolde number, internal  ducting (such &s rate of diver- 
gence and corner  filleting), and external  side-plate configuration were 
also  investigated. Glass side  plates  prodded the added benefit  of flow 
visualization  not  possible with three-dimensional models and permitted 
a better study of the flow problems common to both two-dimensional and 
axispmetric inlets. 

r- 
r) 

?. 

L 

Each M e t  was deaigned t o  achieve  high performance for it.s partic- 
u la r  type of compression surface with low external drag. Performance 
w&s evaluated Fn terms of pressure recovery, m&8s flow, and exit t o t a l -  
pressure  profiles.. The investigation was conducted at zero  angle of 
attack. 

- . ." . ". . . 

Most of the experimental work w a s  conducted in the Lewis 18- by ls- 
inch  supersonic tunnel at Mach number 3.05 and a simulated  pressure &ti- 
tude of 80,OOO feet. The tunnel a i r  was maintained at a stagnation tem- 
perature of 150' F asd a dew-point temperature of -15Of5' F. Based upon 
the  maximum height of the inlet (4 in. ), the Reynold6 number was 0. 5YL06. 

In  order t o  determine the  effects  of Reynolds number and leading; 
edge roughness ( l / Z - i n .  strip of no. 60 casbomdum grit 1, t es te  were 
a lso  conducted in the Lewis 1- by 1-foot  variable Reynolds n M e r  tunnel 
a t  a Mach number of 3.12, where the Reynolds number based upon the max- 
imum height of the inlet (4 i n . )  uae varied fran 0.50 t o  2.67x106. The 
simulated pressure al t i tude for this tunnel varied from 30, OOO t o  80, OOO 
feet. The air was maintained a t  a stagnation  temgerature of approxi- 
mately 70° F and a dew-point temperature of -50°&5* F. 

I 

M o ~ ~ E  w 

The model instal la t ion with one @;Lass side p la te  remaved -Ls shown 
i n  figure l ( a ) .  The supports  located on the external  surface of the 

-L 



NACA RM E55K01 3 

cowl  were necessary t o  prevent a distortion of the thin leading-edge 
surface. These supports were designed with a sharp leading edge so 
that there would be no Fnterference w i t h  the entrance  flow. The sonic 
discharge area was varied by means of a mvable plug, w h i c h  is shown io 
figure l(b) . 

Compression surfaces. - Three types of comgression surface were 
studied; namely, single wedge, double wedge, and isentropic ramp (fig.  
l ( c ) ) .  The initial angle (19) of the single-wedge in le t  with near- 
maxirmun.aUowable Fnternal contraction corresponded to that f o r  maximum 
theoretical  pressure  recovery. The cowl  of this inlet waa designed SO 
that the  internal l i p  shock was  3O less than the loca l  detachment angle. 
The resultant cowl shape had a smal l  frontal  area and should resul t   in  
near-minimum  cowl pressure drag. 

w 
4 

0” 

The design  pressure  recovery of a double-wedge in l e t  w i t h  internal 
contraction was similarly optimized with resulting wedge angles of loo 
and 25O. A loy-drag l i p  contoured in a manner similar t o  the cowl of 
the siogle-wedge inlet w a s  used. 

Three isentropic compression ramps w e r e  used t o  compress the external 
flow to various Mach numbers. These isentropic  inlets, each  having an 
i n i t i a l  we e angle of 6O, w e r e  so designed that the internal  cowl-lip 
angle was 3 % l ess  than the local  detachment angle {with the exception of 
the 1.55-isentropic M e t ) .  By cmstructing  the  characterist ics of the 
internal .flow, the  local turnhg of the cowl surface was designed so that 
the local-flow Mach  number would not be less than 1.2,  with consideration, 
of course, of the effect  of expansion waves fromthe shoulder of the com- 
pression wedge (see f i g .  2). Because of the near-maximum strength of the 
internal l i p  shock, which compresses the flow nearly to  this limit, no 
internal  ccqressive  turning along the cowl could be accomplished until 
it had been counteracted by the expansion waves from the shoulder. 

The isentropic ramps w e r e  all reverse Prandtl-Meyer streamlines, 
the  characteristics of which focused at a point on the Fnitial oblique 
shock. The first  of the isentropic inlets compressed the external  flow 
down to Mach  number 2.10 and the internal flow to nearly the minimum Mach 
nrrmber f o r  s tar t ing.  A wdif icat ion of this inlet included a new cowl 
l i p  alined in the local stream direction,  together with an attendant 
elimination of mst of the internal  contraction. The second of these 
Isentropic  inlets campressed the external flow down t o  Mach nuniber 1.88 
and the  internal  flow  to a near-maximum internal coqwession. The third 
in le t  was designed to  produce an all-external compression of the f low 
down t o  a Mach number of 1.55. The theoretical.  flow  pattern6 of the 
single-wedge, double-wedge, and 1.88-isentropic inlets are  presented i n  
figures 2(a), (b), and (c),  respectively. 

Subsonic diffusers. - The variations in subsonic  diffuser design 
are depicted. in figures l{c)  and 3. The angle of divergence of one type, 
referred to 88 the s h o r t  faired  diffuser, had an over-all average v d u e  
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of 10' and did not exceed 12O at any stat ion  [see  f ig .   l (c)  ) . The aver- 
age divergence  angle of the short faired d - I e r  is then Fn accord wlth 
the opthum two-diverging-& configuratian  indicated by Patterson (ref. 
2 ) .  Another subsonic diffuser was designed t o  produce a theoretical  
pressure gradient proportional t o  the local   s ta t ic   pressure (ref. 3). 
The result Fng contour is shown i n  figure 1( c 1 and w i l l  be herein  ref  erred 
t o  BB the trumpet diffuser.  A long faired diffuser w-ae a l s o  investigated 
( f ig .   l ( c )  . Thia dLffuser had an effective divergence angle of 4' t o  
6O, depend- upan the compression wedge height, and this angle did not 
exceed 7O at any station. 

Another  subsonic Wfuser was designed w i t h  an exit Mach nuniber  of 
0.5 instead of the 0.2 value  used in the previogsly mentioned diffusers.  
It is  re fer red   to  as the high-velocity  diffuser (fig. l ( c )  ) . Another 
version of this high-velocity diffuser utilized  extensive  corner fillets 
on the  long faired diffuser. Because this configuration  resulted i n  8 

nearly oval exit cross  section f a l l o w i n g  the rectangular throat, it ie 
re fer red   to  as the oval diffuser ( f i g .  3). 

Internal  area  variations  are  presented in  figure 4 for the double- 
wedge and 1.88-isentropic Wets .  In  general, the variations with type 
of subsonic diffuser are typical and change with congeression surface only 
h s o f a r  as there is a slight variation Fn thrcat duct  height. The long 
faired subsonic diffuser was modified by the  addition of a variable sec- 
ond throat or  canstrictor  located  near the beginning of the  diffuser. 
The position of this constrictor is indicated in figure 4(b) on the area- 
variation  plot  af the long faired diffuser.  W i t h  t h i s   d s fuse r ,  the ma86 
flow  could be controlled by the use of the second throat, which could 
reduce the flow area. by a factor  of 1/2. A final diffuser,  referred t o  
a~ the step  diffuser, w a s  also tested. T h i s  diffuser had 8 large area 
discontinuity at s ta t ion 10.85 (3 in. downstream of the "cowl l i p ) ,  which 
is indicated in f igxre 4. ( A l l  stations  are given i n  inches. ) 

For convenient reference,  the  designations and descriptions of all 
the subsonic  diffuser  configurations are summarized in table I. 

Side  plates. - Three side-plate configuratians were investigated. 
The s idepla tes ,  which were adjacent t o  the external campression surface 
were (1) rectangular  side  plates  (fig. l(a)>; (2)  swept side platee,  the 
leading edges of which were swept back at the oblique-shock  angle (fig. 
l ( b  ) ) ; and (3) short side plate-s,  the le-@%. edges- of which were located 
a t  the cowl-lip  station. Wtth the swept side plates it-.wae necessary30 
employ very thin; - sharp leading edges, approxiiaateiy 5O with the free- 
stream  direction, in order t o   s t ay  below the shock-detachment Value Cor- 
responding t o  the normal f l o w  camponent. . . .  

" 

L 
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Instrumentation 

5 

The instrunentation  (see  f igs.   l(b) and (c))  consisted of three ten- 
tu3e total-pressure rakes located on one side of -the diffuser-exit cham- 
ber at station 26.5 or 37.5, demding  on whether short o r  long diffusers 
were tested. Only the short  faired,  high-velocity, and trumpet aiffuers 
used rR.kes located at s ta t ion 26.5; 8 , l l  the other total-pressure data 
were taken at s ta t ion 37.5.- In  order  to  establish the lateral symmetry 
of the flow, three  total-pressure  tubes were also installed on the oppo- 
s i t e  side of the chaniber. Ln additlon t o  the total-pressure  tubes, one 
static-pressure  tube and four wall sbtic-pressure  orifices were located 
at this   s ta t ion.  In  the diffuser-exit chaniber (station 48) four wall 
s ta t ic   o r i f ices  were imtalled. Ln order t o  obtain a M h e r  indication 
of Fnternal flow phenomena, a longitudinal row of wall. static-pressure 
orifices was installed from the nose of the d e l  t o  the end of the  sub- 
sonic  diffuser. 

A l l  pressure  recoveries are presented as ratios of the total pres- 
sure at the diffuser exit t o  free-stream  total  pressure @/Po). The mass 
flows are  also  -presented Fn the form of a rat io ,  a measured maas flow t o  
a calculated  supercritical mass flow w i t h  no- spillage (m/m~). The range 
of s t ab i l i t y  is indicated by the r a t i o  of the measured supercrit ical  minu 
the lowest stable subcrit ical  mas8 flow divided by the calculated  super- 
c r i t i c a l  mass flow with no spKUage (La/%). 

The average total-pressure  recovery and capture m&8s flow were based 
on the area rat ios  at the d e l  exit, the masured  static  pressures at 
station 48, and the sonic  discharge area. The resulting values were ap- 
proximately  the same 88 those  obtained by an area  integration of the rake 
pressures. The rake data were used t o  determine the total-pressure  pro- 
f i l e s .  In addition, a correction  factor was  applied so that the sFngle- 
wedge W e t  with syept side plates would have a supercrit ical  mss-flow 
r a t i o  of unity. This procedure waa permissible since the oblique shock 
appeared t o  3ntersect the cowl l i p .  The correction  factor was found t c  
be a function of Reynolds number. This correction (1.04 times experi- 
mental. mass f l o w  a t  a Reynolds nmiber of 0. -lo6 1 was apglied  to each 
inlet. 

A spark  twin-mirror  schlieren  system and high-speed movie  camera 
arrangement were used t o  observe the inlet air-flow  patterns. 

The effects on pressure  recovery, mss flow, and s t a b i l i t y  range of 
carpression  surface,  subsonic  diffuser, and side-plate  configuration are 
surrrmarized in tables 11, 111, and IV, respectively. These results,   to- 
gether w i t h  visual flow  observations, are discussed in the following 
section. . .  - 
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No effect  of Reynolds number on pressure  recovery or mass flow was 
observed for  the range investigated. There was, however, an effect of - 
Reynolds number and ini t ia l   surface roughness on s tabi l i ty  range. Th i s  
subcriticaJ"opera.ticm effect is discussed  separately in a later   sect ian.  
In no case  did  the addition of leading-edge roughness -rove the 
performance. 

Effects of Compression Surface on Performance 
51 

Pressure  recovery and mass-flow chaxacteristics. - Ae indicated i n  i-r 
K) 

table II and flgwre 5, pressure  recovery  ggneraly  increased i n  the fol- 
iowing order f o r  the supersonic compression surfaces  investigated: 
slngle wedge, 2.10 isentr-crpic,  double wedge, I. 55 isentropic, and 1.88 
isentropic. This trend was observed for  both  the  cri t ical  and the maxi- 
mum recovery  conditions. This sequence was  theoretically  anticipated, 
except for  the 1.55-isentropic  inlet, which .employed the  greatest amount 
of compressive flow turnFng. With this inlet ,  it was observed that a 
bow shock stood ahead of the cowl l i p  considerably  farther than with  the 
1.88-isentropic  inlet, even though the mass:fl.ow_ratios were not much 
different.  This bow shock resulted from turning in ace68 of the the- 
oret ical  compression limit indicated  in-reference 4.  

The  optimum recovery of 0 .71  was  obtained with the 1.88-isentroptc 
in le t  with the  oval subsonic diffuser and rectangular  side  plates. a 
corresponding mass-flow ra t io  was 0.965. The respective  critical  pres- 
sure  recovery and mass flow for   the remaining W e t s  were as f o l l w :  
single-wedge inlet with a short faired  diffuser, 0.41 and 1.0; double- 
wedge in l e t  with a long faired diffuser, 0.605 and 0.99; 2.10-isentropic 
inlet  with long  faired diffuser, 0.58 and 0.93; and 1.55-isentropic Fnlet 
with long faired diffuser, 0.65 and 0.94. All these  inlets  uti l ized 
swept side  plates. . .  

. .  

Typical  diffuser-exit profiles obtained with the  1.88-isentropic 
inlet  are  presented in figure 5. In general,  there were some indications 
of separated  flow in each  case; however, the long subsonlc diffuser cun- 
figurations  exhibited  less-severe  distortions in exit total-pressure pro- 
f i le .  Indications of the  thick baundary layer on the ccarq?ression sur- 
faces (with and without an inlet cowl)  ma^ be seen i n  the schlieren 
photographs of figure 6. 

Inlet   stabil i ty  characterist ics.  - Sane degree of stable  subcriti- 
cal  operation was r e a l i z e d  with each  cmTigUration. Same of t h b  opera- 
t ion at reduced mass-flow, however, w a ~  c o ~ c i d e n t  with a slight local 
oscil lation of the  diffuser .shock. Under these  conditions  the  instan- 
taneous  pressure  variations at the  diffuser  exit were believed t o  be . 
negligibly smal l .  (certainly i n  relation t o  m e t  buzz) and the  operatim 
of the  inlet.was  considered  essentially stable. There was no discernible 
trend in the size of the subcrit ical   stable range with the type of super- 
sonic  carpression  surface employed. 

- 
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Motion-picture  studies  (approximately 600 framespsec ) were taken 

faired  subsonic diffuser and long glass  side plates. A selected sequence 
of pictures i~ shown in figure 7 t o  illustrate typical  flow  patterns ob- 
served  during a pulse cycle. In i t s  most downstream position  (zero time) 
the  diffuser shock was located well  back in the  subsonic  diffuser. As 
the shock moved forward towasd the throat,  extensive  separation w&5 ob- 
served immediately downstream thereof (0 .OW sec) . With the diffuser 
shock passing through the =oat, the boundaqy layer on the wedge 
shoulder lifted off the surface (0 -033 sec) and thereby  tended to choke 
off the inlet flow (0.037 sec).  Separation  then moved upstream along 
the contoured  campression surface and f ina l ly  extended all the way t o  
the  leading edge, with correspondingly  large amoats of flow spil lage 
(0.042 sec) . The frequency of puls2ng Fn this case was approximately 17 
cycles  per  second. There  appeared t o  be an interaction between the tun- 
nel and in le t  flows, however, when the b o w  shock WBB in its most upstream 
position. The resulting coupling may have had same Fnfluence on the buzz 
phenomenan. with regard t o  frequency and amplitude. The time Fnterval be- 
tween the first disturbance of the l i p  shock and conplete  disruption of 
the flow is of the order of 0.008 t o  0.017 second for  the  2.10-isentropic 
inlet .  This interval w a s  roughly checked (0.008 sec) by a calculated 
the for a plane sound wave to   t r ave l  from inlet t o  exit and back. 

- during buzz operation of the  2.10-isentropic inlet u t i l i z ing  a long 

As noted  previously, sm8,ll regions of low-amplitUde shock oscil la- 
t ion were detected  during  subcritical  aperation. h such  conditions, it 
is believed that the  resultfng  pressure  oscilLations  aze  reasonably small 
and that the inlet operatian can be considered  essentially stable. Al- 
though no definite trend Tram one M e t  t o  another has been  observed, 8tl 
effect of Reynolds nmiber upon this local shock unsteadiness w a s  noted 
for some of the inlets. The origin of these oscillations may l i e  in 
pressure  feedback through localized  separated areas produced  by  boundary- 
laJrer-shock Fnteractions an the ramg or by the f l o w  around the sharp-lip 
cowl. In contrast  to  these  local  oscillations,  both the cr i t ical   point  
and the  onset of f u l l  i n l e t  buzz  were generally  Fnsensitive t o  Reynolds 
nmiber. 

Occasionally  during  supercritical inlet operation gnd fo r  a smal l  
range of exit-plug  positions, there were observed  large-amplitude pres- 
sure  oscillations wbich  were at t r ibuted  to  an erratic  posit ioning of the 
n o m 1  shock. With the aid of the glass  side  plates this phenomenon was 
obsemed t o  occur when the normal shock in  the subsonic diffuser w a s  lo-  
cated  at  a position w h e r e  an internal shock reflected frcun the diffuser 
wall. 

Visual flow observations. - In figure 8 some observations of sub- 
c r i t i c a l  f l o w  patterns are  presented. Two. distinct  types of subcrit ical  
flow structure w e r e  encountered.. The first w a s  obtained with the single- 
wedge (wedge-surface Mae e e r  equal t o  2.08) and the  2.10-isentropic 
inlets (figs. 8(a), (b), and (d)) .  In these cases,  extensive Separa- 
tion off the wedge surfaces wgs observed with the vortex sheet from the 

-II 
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strong shock intersection apgearing t o  be nearly straight and b c l h e d  
at an angle Fndicat ing flow deflectian away f ran the. wedge. The s e c a d  
type of subcrit ical  flow  structure was observed w i t h  the double-wedge 
(wedge-surface Mach number equal  to 1.91), 1.88-isentropic, and 1.55- 
isentropic  Fnlets  (figs.  8(c) and ( e ) ) .  T h i s  pattern  indicated l i t t l e  
or no flow  separation on the wedge s w a c e .  The vortex sheet from the 
shock intersection ha6 a pronounced curvature, which, contrary t o  the 
first type, shows an i n i t i a l  flow deflection towarda the compression 
surface. This curvature  supports  the  observation that the  inlet  flow 
behind the diffuser normal shock reaccelerates  to  sonic and then super- 
sonic  velocities with additional shocks occurring at the  diffuser en- 
trance. I n  addition,  stable  subcritical shock configurations of the 
second type were much steadier  than  those o f  the first type. ThiB dif-  
ference in type of flow pattern may be related  to  some local  Mach  nuuiber 
effect,  slnce  the first type  occurred only on inlets  where the local  
Mach  number was 2.08 or above.  Conversely, it w a s  observed that a 
steady bow shock with a flow structure of the second type  never wa8 Lo- 
cated on a caxpression  surface he re  the local Mach  number w a s  greater 
than 1.91. 

The separation  angle observed during subcritical  operation of the 
single-wedge in le t  was constant at approximately go (within the accuracy 
of measured separation shock angles) as the point of separation (and 
thus  local Reynolds number) varied  along  the wedge surface  (figs. 8(a) 
and (b ) ) .  Forward-facfng-step data would. indicate ..a separation angle 
of 10.5O. 

With supercritical  inlet  operation,  local areas of flow separatlm 
were observed in sane case6 just  downstream  of the wedge shoulder. This 
separation w&8 most prominent with the single-wedge configuration  (fig. 
9) and was the result  of the cowl-lip shock impinging downstream of the 
shoulder. The attendant flow pattern was typical of extensive shock- 
boundary-layer jdxrac t iom where the flow reattaches  to  the wall at sane 
dawnstream position. An analysis, using the  separation  criteria of Lange 
(ref. 5) fo r  forward-fac3ag wedges and Chapman's c r i t e r i a  (ref. 6) for 
rearward-facing  steps, w&8 made i n  an attempt t o  predict this  separation 
pattern. The results  are  i l lustrated in  figure 10 for  the single-wedge 
in le t .  A trial-&-error procedure was employed t o  determine the  loca- 
t ion  of point i (point af separation) on the  favorable-pressure-gradient 
turn of the wedge shoulder. The angle of separation was determined from 
reference 5 and the reattachment  angle from reference 6.  The  method of 
reference 6 requires that the downstream flow reattach t o  the wall (point 
ii) at the local  oblique-shock detachment angle.  Qualitatively,  at  least, 
the method predicted this particular flow f ie ld .  

As demonstrated in reference 7, this locaL separatim can be mini- 
mized or eliminated through t h e   w e  of w a l l  suction  or by rede~llgning 
the cowl l i p  t o  have the polnt of shock impingement located on the 
favorable-pressure-gr8.dien-b turn. ObservatFons o f  the flow near the 
throats of the double-wedge  and isentropic  inlets (figs. 6(b)  and (c ) )  
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accordingly showed l i t t l e  Local separation after the turn, since in 
these  instances the cowl-lip shocks  appeared to impinge c lose   to  or on 
the favorable-pressure-gradient  region. 

Since l o c d  -separation near the throat  and an acca~any ing  bow 
shock were observed during supercritical  operation  for the 1.55- 
isentropic M e t  with a long faired diffuser and rectangular side plates, 
wal l  suction was applied  through a s l o t  located immediately downstream 
of the shoulder. Suction w a ~  obtaFned by venting t o  free-stream  static 
pressure. Without suction there was some local  separation after the 
turn and supercritically a detached bow shock stood ahead. of the cowl 
l i p .  As kdicated in figure l l (a) ,  a hysteresis  loop was encountered 
in the diffuser performance curve.  For  canparison,  the M e t  perform- 
ance with the  use of suction and the short-side-plate  modification is 
presented. The total-pressure  profiles  for the suction  case  are also 
presented  (fig. U ( b )  ) . The schlieren  observations which correspond t o  
flow  conditions on either side of th i s  discontinuity (that is, the  ver- 
t i c a l  branches on the hysteresis  loop} are shown by the photograpb of 
figures 12(a) and (b) . The minimum stable  subcrit ical  flow is s h m  in 
f igue 1 2  (c 1 . With the application of suction  (fig . lZ(d) ) , the flow at 
the cowl l i p  appeared t o  be at'cached with the carpression waves coalesc- 
ing at the l i p .  In  this  case, no local  sewration was observed  near  the 
throat. With suction, gains Fn pressure  recovery,  supercritical mass 
flow, and s tab i l i ty  range were realized when compared with the  corres- 
ponding no-suction  configuration. 

Another example of localized  separation is shown Fn figure 13 and 
in the schematic  sketches of these photographs. In this  case,  the inter- 
nal contour of the cowl had a high rate of turning from the initial angle 
back t o w d  the axial direction. The amount of compressive turning  along 
the cowl exceeded the Prandtl  angle corresponding to   t he  initial Mach nun- 
ber before it attained  the  cancellation  benefits of expansion waves from 
the wedge shoulder. This configuration was the 1.88-isentropic Wet 
ut i l iz ing the trumpet d=fuser=Ed  rectangular  side  plates with a spe- 
c i a l  cowl. As illustrated in figure  13(a), the flow separated loca l ly  
along  the Fnternal contour in a chordwise manner across the  high  curva- 
ture  portion of the cowl. As %he back pressure w&5 Fncreased, the point 
of separation gradually moved upstream to  the  leading edge of the cowl, 
at which time a aisturbance  to the l i p  shock system occurred. Thus, 
critical.  flow was obtained with the termiaal shock well: inside the in- 
let .  Photographs of supercrit ical  and slightly subcrit ical  flows, 
which exemplify this separation on the cowl surface, are presented Fn 
figure 13. .At cr i t ical   pressure recovery the location of separation 
becomes e r ra t ic  as indicated In the sketch. This phenomenon was also 
noticed in inlets  where there existed a system of strong shocks in the 
throat, due perhaps t o  a localized choking condition caused by severe 
separations on the wedge side of the passage. 

Another methd by which premature subcrit ical   inlet   operation 
occurred was by means of a subsonic layer along the internal contour of 
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the l i p .  This method again  furnished a path f o r  feedback  of pressure 
disturbances  origiaating from ~JI unsteady terminal shock located i n  the 
diffuser. This condition  arose when the cowl of the 1.88-isentropic in- 
le t  w a s  located above the point of shock coalescence. This type of flow 
W&B also  noticed with the double-wedge in le t .  In  each  case, shock de- 
tachment resulted in a subsonic layer of air flow between the cowl sur- 
face and the vortex sheet from the shock intersection. This condition 
was eliminated on the double-wedge inlet by a repositioning of the cowl. 

I .  

~- 

Effects of Subsonic D i f f u s e r  M Performance 
8 
w)  
r- 

Pressure  recovery and mass-flow characterist ics.  - The effects  that 
various  subsonic diffusers have upon the performance of the  various  inlets 
IWJ be determbed from the data in table  FI I .  Because the performance of 
the  short  faired diffuser is nearly  the s8me as thak of the trumpet dif-  
fuser, no distinction between the two is made in table III. Typical . 

cmves of total-pressure  recovery against mass-flow r a t io  are presented 
i n  figures 14(a-) and (b). W i t h  subsonic diffusers as the only variable, 
t he   c r i t i ca l  and maxhum pressure  recoveries.  consistently.-increaed i n  
the  following  order:  short  faired, long faired, high-velocity, and 0v-d 
diffusers. A short subsonic diffuser generally  resulted in a badly sep- 
arated profi le  at the d i m e r  ex i t  w i t h  an accompanying loss in pressure 
recovery of approximately 0.05 when  compared with that OP the long  faired 
diffusers. The long faired diffuser also resulted in a decrease i n  exit- 
profi le   dis tor t ion from that obtained with the short faired subsonic dFf- 
fuser.  TypicaJ exi t   prof i les  are also presented  for t h e  oval 6~ibSOniC 
diffuser w i t h  rectangular side plates  i n  figure 14( c ) and for the high- 
velocity diffuser with swept side plates in figure 14(d). 

I 

". 

.- 

The high-velocity  diffuser w i t h  rectangular  cross  section  yielded 
a high  pressure  recovery (0.70) but had an accomganying large  profile 
distortion (see f ig .  14). For this subsonic Wfuser ,   the   ra te  of dLver- 
gence is even mre gradual than that of the long faired diffuser. A 
similar high-exit-Mach-number diffuser,  but with oval cross section (oval 
diffuser), gave the -performance indicated i n  figure 14. Only a very 
slight Fncrease in recovery (0.715) was realized over that fo r  the high- 
velocity  diffuser wtth rectangular cross section. . The ca-tour plot of 
figure 14 i l lustrates   the boundary-&yer accumulation a t  t he  center lhe  
on the ramp side of the  duct due t o  the pressure  gradient  arising from 
a centrifugal  effect on the m a i n  flow. In general, t h i s  observation is 
true of all the duct  designs  studied  herein. A modified lon faired dFf- 
fuser with 3.5  hydraulic  diameters of zero Ufusian length 7 a. used i n  
re f .  8 for  flow stabi l izat ion)  gave results  essentjally  the same as those 
for  the original long faired diffuser. The use of gradual ra tes  of area 
divergence and long (4O included ailgle) subsanic dAffmers was necess&y 
for  high performance. The use of long diffusers, of course, may not be 
the most desirable  solution,  since it add6 length and w e i g h t  t o  the 
a i r c ra f t .  

. . . . . . 
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I n  order to investigate  further the effectiveness of the  subsonic 
I diffusers, w-all-static pressures were. obtaeed from the leading edge of 

the wedge to the &id of the -diffuser section  for  both the short and the 
long dsfusers. These data for the double-wedge inlet are presented in  
figure 15. Wall pressure  distributions ire givei for  several  operating 
conditions; that is, subcrit ical ,   cri t ical ,  and supercritical for both 
diffus-ers. The trends of static  pressures up t o  the minimum-area sec- 
t ion axe as might be  expected, but because of the extensive  flow  sepa- 
ration and the complex diffuser shock  system i n  sugercritical  operation, 
no single normal_ shock is indicated by the  pressure data. There is an 
improvement Fn diffusion  (i.e.,  an increase i n  static-pressure rfse and 
thus  a  decrease in exi t  Mach rider) by using the long faired subsonic 
diffuser, especially dur- operation at c r i t i c a l  o r  supercrit ical  
conditions . 

Inlet s tab i l i ty .  - As indicated in  figure 14,- the largest  stable 
subcrit ical  operat-  range was rea l ized  with the  1.88-isentropic met 

4 uti l iz ing the oval  diffuser and both the short and the rectangular  side 
41 plates. These configurations were stable fo r  ranges of mass-flow r a t io  

Y 
s down t o  0.60, whereas the swept-side-phte  configuration  decreased the 

s t a b i l i t y   t o  a mass-flow ratio of 0.81. The subcri t ical   s tabi l i ty  ranges 
of the  short- and rectangular-side-plate  configurations w e r e  extended 
beyond that obtafned with the short subsonic  diffusers. The oval sub- 
sonic  diffuser has an extremely gradual area  divergence  (see f ig .  4) and 
its cross-sectional area undergoes a transit ion from a rectangular throat 
t o  an oval-shaped exit. A t  the critical  operating  condition, th i s  M e t  
demonstrated relatively  high performance (pressure  recovery of 0.71 and 
mass-flow ratio of 0.965). 

!The performance of the  step subsonic  diffuser as shown in figure  14(a) 
is of interest  on the basis of stabiliky. Initially, the  configuration 
was t e s t ed   t o  determine its pressure-recovery performance (theoretical 
peak recovery  equaled 0.66 with the  assungtion of comglete loss of dy- 
namic pressure behind the normal shock) and t o  carqpare its results with 
the inlets  having %he shorter  subsonic diffusers. Boundary-layer thick- 
enkg at the throat, due to  pressure feedback, resulted in a pressure 
recovery of only 0.52. However, the subcri t ical   s tabi l i ty  range w a s  ex- 
tended beyond that  obtained with the t m p e t  or short  faired  subsonic 
diffusers. 

A 

Schlieren photogkaphs are presented in figure 16(a)   for   c r i t i ca l  
and stable subcritical  operating  conditions. For subcritical  operating 
conditions, - the  diffuser bow shock stands stably o"rb on the isentropic 
carpression  surface. The local-flow Mach n d e r  just ahead of this  
strong shock is of the order of 1.9, wkich is consfderably  greater  than 
the suggested  value of 1.33 necessary for  separation of a turbulent layer 
by means of a normal-  shock (ref.  9 ) .  I n  this case, while separation msy 
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occur loca l ly   a t  the point of shock-boundary-layer Fnteraction, the flow 
downstream of this zone does not seem to.  be-separated; however, the ap- 

,parent boundary layer after interaction is markedly thicker. A s  h d i -  
cated by the high curvature of the vortex sheet jut downstream of the  
maFn intersection and the secondary shocks at the diffuser  entrance,  the 
f l o w  behind the diffuser normal shock appears t o  reaccelerate  to sonic 
and then t o  supersonic  velocities with additional shocks at   the  entrance.  
The favorable  pressure  gradient of this reacceleration may w a i s t  in the 
reattachment of .the boundary layer. 

.. 

. -  .. 

. 3 
Another configuration of interest  on the basis of s t ab i l i t y  l e  the ta r- 

1.88-isentropic W e &  with a rang fafred  subsmic  dfffuser m d  a vari-  
able second throat, w h i c h  could v~uy the geometric  flow area  near the 
beginning of the subsonic diffuser.  The diffuser performance character- 
i s t i c s  are presented in figure 14. The stable  subcrit ical  range wa6 
effectively extended by means of the variable-area throat device. A 
sequence of schlieren photographs in figure 16(b ) i l lus t ra tes  the f l o G  
mechanisms Involved. The ex i t  plug is at a fixed set t ing and the  6ec- - 
ond throat is progressively  closed. Initially the flow across the con- 
s t r i c t o r  is supersonic. When the second throat is closed, the flow i n  
the throat is choked and a strong shock system is formed upstream which 1 

progressively moves out ahead-of the diffuser entrance t o   t h e  mFnhum 
stable mass-flow position, as Indicated in  the lower  photograph. A t  the  
same time, a strong shock structure exists downstream of the  throat and. 
appears t o  remain in a fjxed  locatim. The sol id   c i rc les   ( f ig .  14(b) 1 
represent  conditions with the second throat fixed in an open position 
and the exit plug  varying over a wide range of axial   posit ions.  The 
open circles  indicate  operation of the second throat at several  fixed 
sett ings of the exit plug. As shown, this device adds some f l ex ib i l i t y  
t o  the operation of the i n l e t  i n  that stable flow at reduced m&s8 flows 
can be obtained over a wide range of pressure  levels. Presumably, reg- 
ulation of m s  flow by means of the second throat yields a greater 
stable range, because the resonast volume o r  length of the =mer is 
reduced. With the choking position so near the inlet ,  the time lag be- 
tween a mvement of . the  shock and the accarmnodatian react- at the 
throat is so small that large-amplitude w . p - g l g w  .oscil&tions are 
avoided, and there is a reduced  tendency of the inlet towards resonant 
pulsing . 

. "" 

V i s u a l  f low observations. - With the inlet well supercrit ical ,   the 
short  subsonic  dlffuser  configuratiom  incurred  extensive  separation of 
the boundary layer  off the contoured surface where the wall angles 
s tar ted t o  increase  rapidly (for example, the short diffber Ln f i g .  9) .  
With the  longer  diffusers,  the f ie ld of view did not extend the  entire 
length, and with the  dfffuser flow supersCmlc, no evLdence  of separation 
was noted. As the diffuser terminal-shock ~ystem moved upstream  with c 

Fncreased back pressure,  separation in Bu cases w a ~  observed  inmediately 

- 
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downstream thereof and app-ed more pronounced w i t h  the  shorter dif- 

system inside the duct ( f ig .  61, formed Fnto a single shock structure 
when positioned  neas  the  throat  or  forward of the cowl lip. Crit ical  
inlet  operation was generally  achieved w i t h  the  diffuser-shock  system 
located some distance downstream of the throat. Upstream movement  of 
th i s  shock w a s  accompanied-by a lifting or  separathg of the boundary 
m e r  forward t o  the wedge shoulder  (see figs . 9 (b) and (c 1 } and by some 

This effect  may be a t t r ibu ted   to  a pressure feedback  through the boundary 
layer or local  areas of separation along the wedge surfaces. A time 
variation of the throa t  f low area is experienced when the boundary layer 
is separated. Consequently, t h i s  may result in a variation Fn s p m e d  
mass f low and thus an unsteadiness in the bow shock. 

.. fusers. The diffuser-shock  structure,  consisting of a multiple-shock 

CN adjustment of the shocks at the cowl l i p  with attendant  flow  spillage. 
8 
4 

Effects of Side  Plate on Perf ormace 

Pressure recovery and mass-flow characteristics. - As Shawn Fn table 
IV and figure 17, the  supercrit ical  mass flow and cr i t ical   pressure re- 
covery f o r  the short-side-plate  installation w&s generally less than 
that for  the  respective inkt with  rectangular o r  swept side  plates. 
The maximum pressure  recovery fo r  the swept inlet configuration was gen- 
erally equal t o  or  greater than that for  inlets which incorporated  rec- 
tangular side plates.  

Inlet s tab i l i ty .  - Generally, the short-side-plate  configuration 
gave better s tabi l i ty   character is t ics  than the  rectangular- o r  swept- 
side-plate configurations. 

The range of Improvement varied f r o m  an actual loss  in the single- 
wedge m e t  t o  a gain @q/w = 0.13) w i t h  the double-wedge W e t  u t i l -  
izFng a short  diffuser. .. 

V i s u a l  flow  observations. - With the glass side plates, a pronounced 
interaction w&s observed between the inlet-shock  system and the side- 
plate boundary layer (see  f ig .  9) .  Evidences of this interaction  are 
i d e t i f i e d  by the l ines  labeled b and a in figure 9 (b) . Disturbance 
b is probably due t o  the thickening o r  separation of the boundary layer 
from the side plates,  since it lies just  behind the initial shock and 
is not as noticeable w i t h  the double-wedge and isentropic   Wets ,  which 
have  weaker oblique  shocks. The consequence of th i s  effect  is a thick- 
ened (if  not locally separated.)  boundary layer with s m  associated 
spillage of the  flow out of the in l e t  near the outer edges of the cowl 
lip. This result, of course, is avoided  by the use of swept side plates.  
This thickened boundary layer experiences an adverse  pressure  gradient 
86 it is turned in the axial direction by the l i p .  This additional ad- 
verse  effect separates the boundary layer and generates the small corner 
shocks, designated by a in figure 9(b 1. 



14 NACA RM E55KLll 

DISCUSSION 

The range of inlet design was selected  to  determine if the  poten- 
t i a l l y  higher ccqression  inlets  (such as the isentropic), in the f ina l  
ccmparison, would yield a suff ic ient ly   bet ter  performance t o  outweigh 
the simplicity and lower drag  potential of the single-wedge configura- 
t ion .  Generally, the performance levels of the two-dimensional inlets 
were somewhat below those  obtained w i t h  comparable axisynrmetric m o d e l s .  
This lower  performance m i g h t  have been  expected, since the two- 
dimensional inlets were l ike ly  to have had adverse performance effects  
because of square corners and thicker compression surface boundary lay- 
ers .  A t  Mach  number 3.05 the optimum internal-flow performance was ob- 
tained with the 1.88-isentropic m e t  ut i l iz ing the oval diffuser and 
rectangular side plates.  A crit ical   total-pressure recovery of 0.71 was 
realized w i t h  a corresponding  mass-flow.ratio of 0.965. These values 
compare w i t h  a recovery of 0.77 and mass-flow _ ra t io  of. 0=92 obtained in 
reference 10 w i t h  an axisymnetric  isentropic inlet. This part icular  axi- 
symmetric inlet, however, carried the external  conpression down t o  a 
Mach number of 1.76 instead of the 1.88 used in the present two- 
dimensional  case  (both inlets Fncorporated internal compression). Thus, 
there is a possibi l i ty  of further improvement  of the two-dimensional 
inlet. 

The largest  detrimental  effect on the pressure  recoveries and pro- 
f i les  w a s  the  separation of the boundary layer downstream of the te- 
shock on the  ramp side of the inlet. Although th i s  separation was InFni- 
mized t o  same extent by the use of Song faired diffusers, no means waa 
found t o  eliminate it completely. In every  case, the boundary layer on 
t h e  cornpression surface w a s  a sizeable  portion of the entering air flow. 
The h t e r a c t i m  of this boundary layer with the terminal-shock system 
in the subsonic diffuser resulted i n  extensive  sepasatian of the flow 

. from the w a l l .  This  flow did not reattach. Although the boundary-layer 
height seemed t o  be  decreased by the  action of the favorable pressure 
gradient on the wedge shoulder  (1.88-isentropic wedge arb3 no cowl}, it 
immediately thickened upon interaction with the strong shock eystem. 

Figure 18 summa;cizes the maximum performance of the variars  inlettr 
(hcluding the axisymmtric inlet of ref. lo} and indicates w h a t  combi- 
nation of the geometric variables w a ~  necessary i n  order t o  obtain  the 
performance. Both the   c r i t i ca l  and peak pressure  recoveries  are mi- 
cated  with the respective mass-flow rat ios .  In addition, the theoretical  
recoveries of the  various  inlets,  neglecting  subsonic  losses, are also 
presented. Some approximate calculations showed that the re la t ive  per- 
formance based on a tbrwt-minus-drag  consideration would be the BEUW as 
that indicated solely by the pressure data. Cowl-pressure and super- 
cr i t ical   addi t ive drags were the only drags conslAered fn these  calcu- 
lations,  which scaled the inlets so that each captured the s a w  mass 
f l o w .  With these dra@ estFmated by two-dimensional  shock-expansion 

c 
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theory and with assumed values of total-pressure - temperature ratio  across a hypothetical ram Jet, 
ues could readily be obtained from the charts of 

15 

r a t i o  and to t a l -  
thrust-minus-drag V a l -  
reference ll. 

The results of the  experimental  lnvestigation to  evaluate the per- 
ba 
4 

formance capabilities of two-dimensional in le t s   a t  a Mach nuniber of 
approximately 3.1 axe as follows: 

8 
1. The performance levels of the two-dimensional inlets were some- 

what below those  obtained  previously with comparable axisyrmnetric models. 

2. The opt3n-m performance was obtabed with the 1.88-isentropic 
inlet   u t i l iz ing a subsonic  diffuser with oval  cross  section and rec- 
tangular side plates. A crit ical   total-pressure recovery of 0.71 was 

r realized with a correspondbg mass-flow r a t i o  of 0.965. Subcritical 
s t ab i l i t y '  t o  a mass-flow r a t io  of 0.60 was obtained. 

- 3. The respective  cri t ical   pressure recovery and mass flow f o r  the 
remaining inlets were &s follows: single-wedge inlet with a short faired 
diffuser, 0.41 and 1.0; do*le-wedge' hilet with a long  faired  diffuser, 
0.605 and 0.99; 2.10-isentropic inlet with long faired diffuser,  0.58 
and 0.93; and 1.55-isentropic inlet w i t h  long faired diffuser,  0.65 and 
0.94. All these inlets   ut i l ized swept side plates. 

4 .  Long fa i red subsonic diffusers (over-all angle of divergence 4 O >  
gave an increase i n  pressure  recovery of approximately  0.05  over that fo r  
short diffusers {over-all angle of divergence -loo>. 

5. For the range invqtigated,  Reynolds rider generally had little 
or no effect upon- inlet p e r f o m c e .  Jn no cme did the  addition of 
leading-edge roughness improve p e r f o m c e .  

6. Although pressure  recovery and ma~s flow were reduced w i t h  the 
use of short  side  plates, the range of stable 'subcrit ical   operation waa 
somewhat extended. Inlets that incorporated the oval diffuser, the step 
diffuser, and the t h r o a t  constrictor gave improved W e t  s t ab i l i t y  over 
that obtained with the  short  subsonic diffuser configurations. 

7 .  As the diffuser temdnd-shock system moved upstream wlth in- 
creased back pressure,  separation in  alL caies w&6 observed  immediately 
downstream thereof and appeared more pronounced with the shorter 
diffusers. 
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8. As a result of pressure feedback through local ly   sepuated 
areas along the inside of the cowl, c r i t i c a l  M e t  operation  occurred 
with  the  termioal shock located well downstream inside the dirfuser.  

Lewis  Flight  Propulsion Laboratory 
National Advisory Committee fo r  Aeronautics 

Clevel&d, Ohio, November 3, 1955 
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TABm I * - SUBSONIC-DIFFUSER CQNFEWTIOPIS . - 

Designat ion   Descr ip t ion  

Trumpet   d i f fuser  Trumpet   shaped;   local  pressure gra- 
d i e n t   p r o p o r t i o n a l   t o   l o c a l  s tatic 
pressure; o v e r - a l l   a n g l e  of d i v e r -  
gence equal t o  loo 

Short diffuser S h o r t  arbitrary contour; o v e r - a l l  
a n g l e  of d ivergence   equal  t o  10'; 
mximum t u r n i n g   a n g l e   e q u a l  t o  12' 

Long faired Long arbitrary contour;  over-all 
d i f f u s e r  a n g l e  af  divergence equal t o  4'; 

maximum t u r n i n g   a n g l e   e q u a l  t o  6O 

O v a l  d i f  f k e r  Long;. high ex i t  Mach number (design 
e x i t  Mach number, 0.5); t r a n s i -  
t i o n   t o  o v a l  cross-sectr ional  axeas 

High-veloci ty  S h o r t ,  high exit Mach number (design 
d i f f u s e r  . exit Ma.ch number, 0 .5) ;  a l l  rec- 

t a n g u l a r   c r o s s - s e c t i o n a l  areas 

Second-throat Same a s  l o n g   f a i r e d   d i f f u s e r   b u t  with 
v a r i a b l e - t h r o a t   c o n s t r i c t o r  

Step d i f f u s e r  Abrupt area d i s c o n t i n u i t y  a t  t h r o a t ,  
t h u s   c a u s i n g  flow t o  be pena l i zed  
by loss of dynamic p r e s s u r e  

.. . " 
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TABLE 11. - EFFECT OF CMUIPRESSION SURFACE ON PERFORMANCE 

Compression 
surface 

Slngle  wedge 
Double wedge 
2.10 Isentropi, 
1.88  Isentropil 

Single  wedge 
Double wedge 
1.88 Isentropil 

Single wedge 
Double wedge 
1.88 Ieentropic 

Double wedge 
2.10 Isentropic  
1.88 Iscntropic  
1.55 Isentropic  
:1.55 Taentroplc 

Double wedge 
2.10 Isentroplc  
1.88 Isentropic  
1.55 Isentropic  

2.10 Isentropic  
1.55 Isentropic  

1.88 Isentropic  

C 
C 

I 

Subsonic 
diffuser 

Short 
Short 
Bhmt 
Short 

Short 
Short 
Short 

Bhart 
Short 
Short 

Lwg 
Long 
Long 
Long 
Long 
BUCtiOD 

Long 
Long 
Long 
Long 

Long 

+ 
Rectmgular 
Rectangular 
Rectangular 
Rectangular 

Swept 
swept 
swept 
Short 
Short 
Short 

Rectangular 
Rectangular 
Rectangular 
R e c t a n g u h  
Rectangular. 

wept 
Swept 
% e f l  
Swept 

'Short 
Short 

0.39 
.48 
.50 
.61 

.41 
1.46 
.64 

.40 

.44 
,585 

.SEI 

.565 

.675 

.02 

.625 

.605 

.58 
,665 
.65 

.53 

.615 

.71 
I I 

xovery  

1 
taximum 

0.41 
.53 
.53 
,625 

.41 

.535 

.65 

e40 
.55 
.61 

.60 

.57 

.68 

.625 

.a7 

.62 

.58 

.69 

.69 

.55 . a3 

.71 

3upercr i t ica  
m B 6  flOW, ./.a 

0.95 . 
- .  .92 

.92 

.925 

1.0 
.94 
.925 

.93 

.91 

.075 

.99 

.93 

.99 

.92 

.94 

.99 

.93 

.95 

.04 

.a75 

.a5 

.9% 

3730 ' ' 

. . . ,  

i 

s t a b i l i t y  
w m o  

0.15 
.21 
-07 
.09 

.24 

.u 

.ll 

.19 

.24 
e14 

.15 

.07 

.ll 
-21  
.295 

.12 
,095 
.12 
.165 

.12 

.26 

.365 
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Compression 
surface 

Double wedge 
Double wedge 

2 .lo Isentropic  
2.10 Isentropic  

1 .88  , Isentropic  
1.88 Isent ropic  
1.88: . Isentropic  

1..8% 'Isentropic  
~ 8 8 '  Ieent rap ic  
I!. 0 % :  &entropic 

~ ~ 8 8  'Isentropic 
1. e8 'Isentrtrplc 
1.B8.Isentropic 

1.88 Isentropic  

1..88' I sen t ropic  ~ 

1.88 Isent ropic  

1.88 I sen t ropic  

. . . . . . . . .  . 

Subs on i c  
difFu6- 

Short 
Lodg 

Short 
Long 

short 
Long 
righ 

veloci ty  

ha1 
Rep 
!onstrictol  

ihort 
,ong 
righ 

mal 

ihmt 

veloct ty  

[igh 

hral 
veloci ty  

S ide   p la te  

Swept 
Swept 

Rectangular 
Rectangulm 

Rectangular  
Rectangular 
Rectangular 

3ectangular 
3ectangular 
3ectangul8r 

W P t  
SKePt 
swept 

Swept 

Short  
Short 

Short 

Ressure  
P 

Cr l t l ca  

0.46 
.605 

.so 

.565 

.615 

.675 
-68 

.71 

.4% 

. €65 

.E4 . w5 

.69 

. io 

.5a5 .65 

.695 

ecovery 
0 
Maximum 

0.535 
.62 

.53 
m 57 

.625 

.68 
I 7 0 5  

.71 

.53 

.68 

.65 

.69 

.70 

.715 

.61 

.66 

,695 

I 

k p e r c r i t i c a  
ma66 f low,  
m/mg 

0.94 
.99 

.92 

.93 

.925 

.93 

.97 

.965 

.945 

.97 

.925 

.95 

.955 

.95 

.a75 

.91 

.90 

Range of 
s t a b i l i t y  

h/% 

0.11 
.12 

.07 

.07 

,095 
.12 
.095 

.365 

.265 

.23 

.ll 

.12 

.E5 

.14 

.14 
,155 

.435 

osLr ; 
. I  

. . . . . . . . - . . . . . .. . . . . 
I . . . .  . .  . 
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9 n * 
Compression 

M s t a h i l i t y ,  mass flow, PIP0 diffuser surface 
E Range of Supercr i t ica l  Pressure  -recovery, Side  plate  Subsonic 

C r i t i c a l  4% d.0 Maximum rl 0 
P 

Single wedge 

.19 .93 .40 .40 , Short Short Single wedge 

.15  .95 .41 .39 Rectangular Short Single wedge 
0,24 1.0 0.41 0.41 Swept Short 

Double wedge Short Swept .46 

.24 .91 .55 ,44 Shmt  Short Double wedge 

.21 .92  .53 .4a Rectangular Short Double wedge 

.ll .94 .535 

1.B8 Isentropic  Short Swept .64 .65 .925 .ll 
1.88 Isentropic  

.15 .91 .61  .585 Short  Short 1.88 Teentropic 

.095 .925  .625 .a 61 Rectangular Short 

Double wedge . Long Swept .605 ;62 .99 .12 
Double wedge Long Rectangular .SEE .15 .99 .60 

2 .lo Isentropic. Long Swept .58 .5a  .93 .095 
Z.10 Isentropic  Long Rectangular .566 .S7 .97 

.12 ,875 .55 .53 Short Long 2.10 Isenla-opic 

.07 

1.88 Isentropic Long Swept .665 .69  .95 .12 
1.88 Isentropic  Long Rectangular .675 .68  .93 .ll 
1.86 Isentropic  High Swept .69 .70 .955 .l55 

1.68 Isentropic  High Rectangular .68 

.155 .91  .66 .65 Short H i g h  1.88 Isentropic  

.095 .97 .705 
veloci ty  

veloci ty  

veloci ty  

1 
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4 
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a 
M a l  dlatance, i n .  

(b) DDuble-vedge inlet. 

Figure 2. - Contiaucd. Theontical flm characteristic.3. 
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(a) Double-weae i n l e t .  

Axial  distance measured from l i p ,  i n .  

(b) 1.88-Ieentropic i n l e t .  

Figure.4.  - Area variation of internal  passage of inlets. 
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0 
M s 

.7 

0 single wedge 
Double wedge 

Q 2-10 Isentropic 
A 1- Isentropic 
h 1.55 Isentropic 

.6 

.5 

1 PI 
8 -4 

2 
5 

91 -3 
0 -  0 .  

8 

2 
5 

Mass-flow ratio 
0 

E (a) Short diffuser  vlth rectangular side  plates. (b) bug diffueer Vith swept side  plates. 

d .e rl 

U 

.7 

.6 

.5 
0 1 2 3 4 0  1- 2 3 

Vertical distence maeured fro= r e q  side of diffuser, in. 

rc)  1.86-Isentropic inlet vlth wept side plates (d)  1.88-Isentropic inlet  vlth m p t  alde plates 

4 

and short falred dfffusar. and long faired diffuser. 

Fiqure 5. - Mfect of compression srp-ixe on performance of various two-dimensional inlets at Mach n&er 
of approximately 3.1. 
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Y 
0 
w 

(a) 1.88-1sentropic wedge; no cowl. 

(b) 1.88-Isentropic Wedgej masS-floW ratio, 0.925; pr85S~r8 recovery, 0.60. 

" 
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(a) 0.012 Second. (b) 0.030 Second. 

(c) 0.033 Second. (a) 0.037 Second. 

( e )  0.090 Second. 

Figure 7. - Schlieren photographs of 2.10-isentropic inlet during inlet  buzz a t  free- 
stream Mach number 3.12. (The times indicated are measured from an  approximate 
begtrming of buzz cycle. ) 
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Y 
0: 
0 

(a) Single-wedge inlet; sughtly oscillating 
bow shock; mass-flow rstb, 0.72; pressure 
recovery, 0.38. 

(b) Single-wedge inlet; slightly  oscillating 
bow shock; mase-flow ratio, 0.77; pressure 
recovery, 0.38. 

. 

(C) Dauble-wedge inlet; steady bow shock; 
mELss-flow  ratio, 0.84; pressure  recovery, 
0.59. . ." . 

(a) 2.1GIeentropic inlet. w i t h  long faired (e )  1.88.Isentropic inlet  with mat- 
d m - ;  ~li&tlr oscillating bow shock; constrictor diffuser; steady bow shock; 
mass-flow  ratio, 0.7; pressure  recovery, mass-flow ratio, 0.46; pressure  recovery, 
0.54. . -  0.62.  

Figure 8. - Schliereri photographs of fnteraction of bar shock with boundam laxer. 
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(a) Supercritical flow; mass-flow ratio, 0.99; preseure recovery, 0.36. 

(b)  Critical flaw; mass-flow retio, 0.96; preaeure recovery, 0.39. 

(c)  Subcritical flow;. Steady bow shock; IBS65flOW ratio, 0.92; preesure recovery, 0.40. 

(a) Subcritical flow; slightly oscillating bar shock; mass-flow ratio, 0.82, pressure 
recovery, 0.41. 

Figure 9. - Schlieren photographs single-wedge inlet with Bhort diffusers at  free-stream 
Mach  number 3.12. 
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I n t e r n a l   l i p   s h o c k   S u b s o n i c  d i f f u s e r  

separazlon  zone 

Fi 
1 -  Compression  surface 

” 

.. 

. 
” 

- 
Figure  10. - Schematic  drawing of calculatehboundary-layer s e p a r a t i o n  i n  

s ingle-wedge  inlet .   (Angles  aye measured from the horizontal; point of 
boundary-layer   separat ion,  i; point of  boundary-layer  reattachment,  it.) 
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I I  Side plates 

0 Rectangular 
0 short 
d Rectangular 

(vlth .shoulder 

.4 .6 .0 
Mass-flow r a t io  

(a) Effect cf euction and side plates 
on pressure recovery. 

0 1 2 3 
Vertical  distance measured from 

ranrp side of diffuser, i n .  

( b )  Total-preseure profiles  with  rectaugular side 

1 

4 

plates and shoulder suction. 

Figure 11. - Pressure  characteristics o f  1.55-isentropic inlet  with long fa i red diffueer. 
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E.. - Ad - C 

C 
C 

(a) Slightly  mipercritical  flow; Steady bow shock; W 6 6 - f b U  
ratio, -0.89; pressurer recovery-0.62; no throat  suction. 

. . . .  - 

(b) Slightly  supercritical flow; steady bow shock; ma6s-flOW 
ratio, 0.84; pressure recovery, 0.59; no throat suction. 

(c) Stable  subcritical  flow; maer;-ilW ratio, 0.71; pressure 
recovery, 0.64; no throat suction. 

(d) Slightly subcritical f low; m a f i a ~ f I ~ ~ i B t 1 0 ,  0.93; pressure 
recovery, 0.64; throat suction. 

Figure 12. - Schlieren photographs of  1.55-iSentropic  inlet  at free-stream 
Mach number S. P5. 

c 

- 
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I (a) Bupercritlcal Plow; mse-flaw ratio, 0.96; p m ~ m  recovery, 0.46. 

O E C i m t l o l r  O f  P O h t  Of 
Schematic sketch indicating 

separation on cowl l i p  

flow. 8ee photograph. 
during sUght4 subcritical 

-a w 
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I I 
Subsonic  diffuser 

0 Short 
U Rectangular 

.8 
0 High ve loc i ty  
A mal 
h Step. 

.4 .6 .8 

0 Variable   throat ,   f ixed 

0 No constr ic t ion,  variable 

0 Fixed th roa t ,   var iab le  

e x i t   a r e a  

.. exit a rea  

exit  area 

1.0 .6 1 .o 
Mass-flow r a t i o  

( a) Various f ixed-geometry  subsonic . ( b l ,  Sec.nd-throat  subsonic 
d i f fuse r s  with r e c t a n g u m   s i d e  diffuser vith rectangular 
p la t e s .  s ide   p l a t e s .  

. -  
.. 

Figure 14. - EPfect of eubsonic di f fuser  oh performance of 1.88-isentropic 
inlet at Mach number of approximately 3 .l. 
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Total-pressure 
recovery, 

PIP0 

0 
M s 

"- - .. . 0.50 
.55 
.60 
.65 
.70 

"" "- 
" 

wedge side-  
No roughness, c r i t i c a l  Roughness, c r i t i c a l  

- 6 i de  

(c)   Pressure  dis t r ibut ions at rake s ta t ion- for   ova l   subsonic  diffuser d t h  
rec tangular   s ide   p la tes .  

x" 

g 
k 
a, 

0 
a, 
k 

0 1 2 
Vert ical   d is tance measured 

from ramp s i d e  of 
d i f fuse r ,   i n .  

(d) Pressure p r o f i l e s  at rake 
s ta t ion   for   h igh-ve loc i ty  
d i f fuse r  with swept si& 
p l a t e s  . 

Figure 14 .  - Concluded. Effect  of subsonic  diffueer on performance of 
1.88-isentropic i n l e t  at Mach number of approximately 3 .l. 



k 
Q 

0 4 

T Operation Dlffueer I 

0 Supercritical Short (low back 1 
A Supercritical Short (high back, 

preesure) I 

I 
. . .. . .  
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Critical flow; mass-flow ratio, 0.93; pressure recovery, 0.44. 
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Mass-flow.ratio, 0.97; pressure  recovery, 0.46. 

Mass-flow ratio, 0.97; pressure  recovery, 0.46. 

S t e a d y  bow shock; mee-flow ratio, 0.89; pressure  recpvery, 0.45. 

S t e a d y  bow shock;  mass-flow  ratio, 0.72; pressure  recovery, 0.335. 

(b) Second-thmat dlfYuser. 

Figure 16. - Concliuded. .Schlieren photographs of 1.8Sisentropic inlet  at 
free-stream Mach number 3.E. .  



NACA RM E55K01 43 

t 
& a 0 *=L 

.8 .6 .a 1 .o .6 .a 7 0 

(a) 1.88-Isentropic inlet (b) 1.88-Isentropic inlet  (c) 1.88-Isentropic inlet 
wlth short faired diff-ger.  with Long faired diffuser. with high-velocity 

d i f fuser .  

.4 .6 1.0 
Mass-flow 

- 
.4 
rat io 

.6 .8 1 .o 

(a) 1.55-Isen€ropic inlet KLth long ( e )  1.B8-Isentropic i n l e t  wLth oval 
f aired difpuser. diffuser ._ 

Figure 17- - Effect  of side plate on performance of various two-dtmensional inlets 
at Mach rider of approximately 3.1. 
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Figure 16. - Summary data for v a r i a w i n l e t s  at free-stream 
Msch number 3 .Os. 
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